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ABSTRACT 


An  integral  equation  is  found  for  the  currents  on  a  pair  of 
symmetrical  inductive  strips  in  a  rectangular  waveguide,  and  is 
solved  by  known  techniques  to  the  quasi- static  approximation.  The 
integrals  involved  in  the  formula  for  the  reactance  presented  to  the 
waveguide  are  expressed  in  terms  of  elliptic  integrals,  and  by  a 
comparison  of  the  result  with  the  known  result  for  a  single  inductive 
strip,  the  mutual  inductance  between  a  pair  of  strips  in  a  waveguide 
is  deduced. 
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The  Reactance  of  a  Symmetrical  Pair  of  Strips  in  Rectangular  Waveguide 

by  L.  Lewin 


Introduction 

Well-known  formulae  exist  for  the  reactance  produced  by  a  single  metal  strip 
across  a  waveguide  of  rectangular  cross-section.  Similar  formulae  exist  for  the  re¬ 
actance  of  a  diaphragm  or  insert  from  the  guide  walls.  In  the  capacitive  case  one  can 
be  derived  from  the  other  by  the  method  of  images,  and  the  same  method  will  also 
produce  a  configuration  consisting  of  a  strip  and  diaphragm  (equivalent  to  a  pair  of 
slits)  or  of  two  symmetrically  placed  strips.  The  method  of  images  cannot  be  extended 
to  the  inductive  case,  and  the  particular  arrangement  of  strip  and  diaphragm  (or  pair 
of  slits)  has  been  solved  ^  using  a  singular  integral  equation  approach.  The  present 
paper  solves  the  companion  problem  of  the  reactance  of  a  symmetrically  placed  pair  of 
strips. 

Geometrical  Arrangement  and  Notation 


0-d| 

O-d., 


The  figure  shows  a  waveguide  of  width  ^  containing  in  the  aperture  plane  z  =  0  two  strips, 
the  first  occupying  the  range  y  =  d^  to  d^  and  the  other  symmetrically  disposed.  We 
refer  all  quantities  to  a  time  vector  exp(ja)t)  and  consider  a  wave  of  unit  amplitude  in  the 
dominant  mode  incident  from  the  left.  It  is  polarized  in  the  x-direction  (perpendicular 

Lewin,  L. ,  "On  the  Resolution  of  a  Class  of  Waveguide  Discontiniiity  Problems  by  the 
Use  of  Singular  Integral  Equations",  PGMTT,  July  1961,  p.  326. 
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to  the  plane  of  the  paper)  and  since  no  distortion  of  the  plane  of  polarization  is  involved 
in  this  problem  all  electric  fields  will  be  x-directed  and  we  will  concern  ourselves  only 
with  this  component. 

The  Field  in  the  Guide 

The  incident  field  is 

8in(ir  y/a)exp(-jk'z)  (1) 

where  k’  =  2'"' Ag  is  the  guide  wavelength.  This  field  sets  up  currents  on  the 

strips,  which  re-radiate  back  into  the  guide.  If  the  current  set  up  between  the  limits 
y  =  T]  and  ti +dTi  is  written  I(Ti)dT|  then  the  field  it  produces  is 


dE  =  -jl20kG{y,n)I{il)d(iT’l/a) 


(2) 


where  the  Green's  function  is  given  by 

00 

G(y,Ti)=  ^  8in(mry/a)  8in(mrTi/a)exp(-r^|  z])/r^  .  (3) 

Here,  k  =  2ir /X  where  X  is  the  free-space  wavelength,  and  the  coefficients  F  are  given 
by  .  v  1 

~  nir/a  for  large  n 


(4) 


=  jk' 


The  total  field  is  obtained  by  integrating  this  from  dj^  to  d^  and  from  a  -  d^  to  a  -  dj^ . 
In  the  latter  part  we  change  variable  from  t|  to  a  -  ti  ,  making  use  of  the  symmetry 
property  to  simplify  the  integral  to  a  single  range  with  the  Green's  function  summed 
over  odd  order  modes  only.  We  make  the  following  changes  of  variable 


-jl20kl(tj)  =  f(Trti/a) 

iry/a  =  0  .  (5) 

ir  Ti/a  =  <j) 

Then  the  field  radiated  from  the  strip  currents  becomes,  in  the  aperture  plane, 

”1 

E  =  2  ^  J f(,j,)  sin(n0)  8in(n4))dij)/F ^  .  (6) 

The  prime  indicates  that  the  summation  is  over  the  odd  integers  only,  whilst  the  inte¬ 
gration  is  over  a  strip  from  ird^/a  to  this  field  be  added  the  incident  field, 
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the  total  must  be  zero  over  the  strip.  Hence  we  have  the  following  integral  equation 
for  f(4)) 

w, 

0  =  sin  0  +  2  ^  J  sin(n0)  sin(n<j>)  d<t>/r  ,  range  of  0  and  (j)  over  the  strip.  (7  ) 

1 

This  equation  can  be  re-written  in  a  slightly  different  form,  using  the  fact  that  the  re¬ 
flection  coefficient  R  is  the  first  term  in  (6),  and  the  normalized  reactance  X  is  con¬ 
nected  to  R  by  the  relation 

-jX.=  -^(1+R)/R  .  (8) 


Thus, 

(X  X  /a)  sin  0  Jf(<j))  sin  (<j))  d4)  =  ^  J'f((t))  8in(n0)  sin(ni}))  d(j>  (it /a  F  j  ,  (9) 

8.0  u 


The  Quasi-Static  Solution 

The  quasi-static  form  is  obtained  by  writing  F^  =  nir/a,  n>  1,  in  (9).  By  the 
method  shown  in  reference  1  a  finite  number  of  correction  terms  could  be  added  without 
affecting  the  method.  However,  we  shall  be  content  here  to  examine  the  quasi-static 
solution  only.  We  add  and  subtract  the  first  term  of  the  series  on  the  right,  summing  it 
through  the  formula 


■T^og 


sin  0  +  sin  4) 
sin  0  -  sin  9 


W  e  also  make  the  change  of  notation 


(10) 


(1  +  XX  /a)  =,  W 

so  that  (9)  becomes 


W  sin  0 /f(<t>)  sin(<t))  d4i  =  /f(4’) 


sin  0  +  sin 
sin  0  -  sin 


d(t> 


(11) 


(12) 


In  order  to  solve  this  equation  for  f(<j>)  we  need  to  make  a  change  of  variable  which- 
transforms  the  range  from  (ird^/a),  (ird^/a)  to  0,  -it.  This  transformation,  due  to 
Schwinger,  involves  cosines;  but  since  (12)  involves  sines  it  cannot  be  used  directly. 

A  differentiation  is  required,  but  since  any  constant  contained  in,  or  implied  (via  a 
Fourier  series)  in  (12)  goes  out  on  differentiation,  it  must  be  expected  that  a  return  to 
(12)  will  be  necessary  later  to  fully  determine  the  characteristics  of  the  solution.  (This 
is  in  contrast  to  the  diaphragm  problems,  which  can  be  solved  in  a  straightforward 
manner  from  their  original  equations). 
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(13) 


(14) 


Differentiating  (12)  gives,  after  cancelling  a  factor  cos  0 

w/f(4.)sin(<}.)d4.  = 
j  Y  j  2(()-  cos  20 

Make  the  substitution 

cos  2<j)  =  a  +  Px 
cos  20  =  a  +  Py 

where  x  and  y  are  new  integration  variables  (confusion  here  with  the  coordinate  variables 
will  not  arise),  and  a  and  p  are  chosen  so  that  the  range  irdj^/a  to  ird^/a  of  <()  corre¬ 
sponds  to  1  to  -1  of  X.  Hence 

a  +  p  =  cos(2ir  d^/a),  and  a  -  p  =  cos(2iTd2/a) 

Denoting  the  constant  (with  respect  to  0)  on  the  left  of  (13)  by  C,  we  get 

1 

C  =  - ^sec(<|))  f((t>)  dx/(x -y) 

with  solution  ^  1 

f((j))  =  (4C/ir)co8(4>)  (y+x)(1-x^)  ^ 

where  y  is  an  undetermined  constant.  Inserting  this  in  the  expression  on  the  left  of  (13) 
for  C,  we  get  the  simple  relation 

W  =  -1/py  (18) 

so  that  it  remains  only  to  determine  y  to  obtain  W,  and  hence  X  from  (11).  Returning  to 


(15) 

(16) 

(17) 


.4^Bin0  =  J  jiy+cos  X)dX^i^g 

^i-g-Pcosx^z 


sin  0  +  1 

( 1-a-P  cos 

/  ^ 

1 

Bin  0  -  1 

1-a-P  cos 

17 

\  2 

(19) 


and  this  equation,  using  any  convenient  value  of  0,  determines  y.  A  suitable  value  is 
('ird2/a),  the  largest  it  assumes  in  its  range.  From  (15)  we  get 

(20) 


sin  0 


•(^)t 


to  be  inserted  into  (19). 
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Evaluation  of  the  Integrals 

We  make  the  substitution 

-T  _  /l-a-P  cos  x\~Z  ,, 

^ 

and  consider  the  expression 

1 

Then  we  require  I(s=l)  =  J^I’(s)ds,  since  1(0)  =  0.  Hence 

o 

IT  1 

T  _  2  f  f  dx  ds 

J  ,  2,2 

o  o  1-s  Z 

a  form  in  which  the  X  integration  can  be  readily  carried  out: 


1 


I  =  zf. 


ds 


Y-  =  2K(k)  , 


°  (l-S^)^l-k^8^)7 

where  the  modulus  k  of  the  elliptic  function  is  given  by 

/  l-a-p\7  _ 

\  1-a+p/  ~  8in(Trd2/a) 

from  (15). 

In  a  similar  manner  define 


J(s)  =  ^  /Zdx  log  ^ 


l+sZ 


sZ 


.  ^ 

‘’L  ■ 


ds 


=  K(k)  -  E(k)  +  1 


(see  reference  2). 


(21) 


(22) 


(23) 


(24) 


(25) 


(26) 


Lewin,  L. , 


"Advanced  Theory  of  Waveguides",  Illffe  and  Sons,  1951,  p.  59. 
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2 

Since  P(v+  cos  y)  in  (19)  is  equal  to  (Py+l-a)  -{l-a+p)Z  ,  the  integration  of  (19)  can  now 
be  expressed  in  terms  of  (24)  and  (26),  and  the  final  expression  for  the  normalized 
reactance  is 


X 


K 


2E  sin^('ir d^/a)  -  K  8inj^-^(d2  +  dj)J  sin  ”  *^1^ 


(27) 


mod.  sin  (ir  dj^/a)^/sin('ir  d^  /a) 


This  is  very  similar  in  form  to  reference  1,  Eq.  (41),  for  the  double  aperture  case, 
allowing  for  the  different  notation  and  complementary  modulus.  However,  it  does  not 
seem  possible  to  deduce  one  from  the  other;  Babinet’s  principle  does  not  appear  to  be 
applicable  since  the  plane  of  polarization  is  not  rotated. 

It  is  readily  confirmed  that  (27)  reduces  to  the  usual  form  for  d^  =  a/2,  a 
symmetrically  placed  single  strip,  and  for  dj^  =  0,  a  symmetrical  inductive  diaphragm. 

From  a  comparison  of  equation  (27),  representing  the  reactance  of  a  pair  of 
strips,  with  equation  (3.  106)  of  reference  (2),  representing  the  reactance  of  a  single 
unsymmetrical  strip,  an  expression  can  be  found  representing  the  mutual  reactance 
of  a  pair  of  strips  symmetrically  placed  in  a  waveguide.  In  the  limit  of  very  small 
strip  width  the  mutual  reactance  Xj^2  added  to  the  reactance  of  each  strip  is 

given  by 

^12  ""  T" 
g 

where  d  is  the  displacement  of  a  strip  from  the  side  wall.  This  formula  is  not  valid 
when  d  is  of  the  order  of  the  strip  width. 


-  1  +  y  cosec  (ir  d/  a)  log  sec  (ird/  a)) 


(28) 
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Divisioi  of  Cutler  Hammer 
Walt  Whitman  Road 
Melville,  L.I.  New  York 
Attn:  Library 

Alrcom,  Inc. 

48  Cummington  Street 
Boston,  Mass. 

Andrew  Alford,  Consulting  Engineers 
299  Atlantic  Avenue 
Boston  10,  Mass. 

Aerospace  Corp. 

Satellite  Control 
Attn:  Mr.  R.  C .  Hansen 
Post  Office  Box  95085 
Los  Angeles  45,  California 

ACF  Electronics  Division 
Bladensburg  Plant 
52nd  Avenue  and  Jackson  Street 
Bladensburg.,  Maryland 
Attn:  Librarian 


Battelle  Memorial  Institute 
505  King  Avenue 
Columbus  1,  Oliio 

Attn:  Wayne  E.  Rife,  Project  Leader 
Electi’ical  Engineering  Division 

Bell  Aircraft  Corp. 

Post  Office  Box  One 
Buffalo  5,  New  York 
Attn:  Eunice  P.  Hazelton,  Librarian 

Bell  Telephone  Laboratories 
Murray  Hill,  New  Jersey 

Bell  Telephone  Laboratories,  Inc. 
Technical  Information  Library 
Wliippany  Laboratory 
WMppany,  New  Jersey 
Attn:  Technical  Reports  Librarian 

Bendix  Pacific  Division 
11600  Sherman  Wpv 
North  Hollywood,  :alif. 

Attn:  Engineering  Library 

Bendix  Radio  Division 
Bendix  Aviation  Corp. 

E.  Joppa  Road 

Towson  4,  Maryland 

Attn;  Dr.  D.  M.  Allison,  J r. 

Director  Engineering  and  Research 


Bjorksten  Research  Laboratories,  Inc. 
P.O.  Box  265 
Madison,  Wisconsin 
Attn:  Librarian 


Boeing  Airplane  Co. 

Pilotless  Aircraft  Division  A 

P.O.  Box  3707 

Seattle  24,  Washington 

Attn:  R.  R.  Barber,  Library  Supervisor 


Chance  Vought  Corp. 

9314  West  Jefferson  Boulevard 
Dallas,  Texas 

Attn:  A.  D.  Pattullo,  Librarian 

Chance  Vought  Coirp. 

Vought  Electronics  Division 
P,  O.  Box  5907 
DaUas  22,  Texas 

Chu  Associates 
P.O.  Box  387 
WMtcomb  Ave. 

Littleton,  Mass, 

Collins  Radio  Co. 

855  35th  Street,  N,  E. 

Cedar  Rapids,  Iowa 
Attn:  Dr.  R.  L.  McCreary 

Cornell  Aoronnutical  l.a'boratory  Zno« 

Gonooee  Stroot 
Sirffcilo  21,  Now  York 
Attni  LUjinrlMv 

Dolmo  Victor  Company 
A  Diviolon  of  Textron,  Ino» 

1515  Incluotrlftl  Way 
Bolmont,  Col. 

Attn:  Mary  Kilen  Addeni,  Sachnlonl  tiil>rariBr 

Dorno  and  Hareolin,  Inc. 

29  Now  York  Avonua 
Vfoofbviry,  ione  Island,  B.Y, 

Aircraft  Division 

Do-uglno  Aircraft  Company,  Ino. 

3055  Ddlcowood  Boulevard 
Long  Boach,  California  (USA) 

Attnj  Technical  Llhrary 

Dougins  Aircraft  Company,  Ino. 

3000  Ocean  Park  Boulevard 
Santa  Monica,  Col. 

Attn:  Peter  Duycn,Jr. 

Chief,  Blcctrlcal/Xleotronloi  Section 


Boeing  Company  3801  Doi:glQ3  Aircraft  Con^iany,  Inc. 

3801  S.  Oliver  Street  2000  North  Memorial  Drive 

Wicliita  1,  Kansas  Tuloa,  Oklahoma 

Attn:  Kenneth  C.  Knight,  Library  Supervisor  xttm  Engineering  Llhrarian,  I>-250 

Brush  Beryllium  Company 
17876  St.  Clair  Street 
Cleveland  10,  Olilo 
Attn:  N.  W.  Bass 


Electromsgnetlo  Roiaarch  Corporation 
5001  Collogo  Avonuo 
College  Park,  HorylanA 
Attnt  Mr.  Martin  Kataln 

SRoctronlcs  Comminioatioa 
1830  York  Road 
TlmoniniSt  Marylaind 

Gonvair,  A  Division  of  General  Dynamica  Qorp, 
Fort  Worth,  Texas 
Attn:  'K.B.  Brovm 

Division  Research  Librarian 

Gonvair,  A  Division  ofGeneral  Dynamics  Corp. 

3165  Pacific  Highway 

Gan  Diego  12,  Galifoniia 

Attn!  Mrs.  Dora  B.  Burke,  Engineering 


Electronic  Specialty  Company 
5121  San  Fernando  Road 
Los. Angeles  39,  Cal. 

Attn:  Donald  L.  Margerapn 

Chief  Engineer,  Radiating  System! 
Division 

Emerson  and  Cuming,  Inc. 

59  Walpole  Street 

Canton,  Mass. 

Attn;  Mr.  W.  Cuming 

Emerson  Electric  Mfg.  Co. 

8100  West  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attn;  Mr.  E.R.  Breslin,  Librarian 


Emerson  Radio  Co 

fmerson  Radio  Phonograph  Corp 
merson  Research  Laos. 

1140  Eastwest  Highway 
Silber  Spring,  Maryland 
Attn:  Mrs.  R.  Corbin,  Lib. 

Fairchild  Stratos  Corp. 

Aircraft  Missiles  Division 
Hagerstown,  Maryland 
Atn:  Library 

ITT  Federal  Laboratories 
Technical  Library 
500  Washington  Avenue 
Nutley  10,  New  Jersey 

Gabriel  Electronics  Division 
Main  and  Pleasant  Streets 
Minis,  Mass,  ^  ^  . 

Attn:  Dr.  -Edward  Altshuler 


General  Eleotrlb  Company 
Building  3  *•  Roo»  143-1 
Electronics  Pork 
Syracuse,  New  York 
Attn  I  Yolanda  Burke 

Documents  Library 


General  Electric  Company 
Missile  and  Space  Vehicle  Department 
3198  Chestnut  Street,  Philadelphia,  Penn. 
Attn:  Documents  Library 


Genes-ai  Elfcctric  Company 
3750  D  Street 
Philadelphia  24,  Pa.  , 

Attn;  Mr.  H.G.  Lew 

Missile  and  Space  Vehicle  Department 

General  Precision  Laboratory,  ItoC 
63  Bedford  Road  1 
Pleasantville,  New  York 
Attn;  Librarian 

Goodyear  Aircraft’ Corp, 

1210  Massillon  Road 
Akron  15,  Ohio 
Attn:  Library,  Plant  G 

Granger  Associates 

Electronic  Systems 

974  Commercial  Street 

Palo  Alto,  California 

Attn:  John  V,  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 

Bethpage,  Long  Island,  New  York 

Attn:  Engineering  Librarian,  Plant  No.  5  , 

Hallicrafters  Company 
4401  West  5th  Avenue' 

Chicago  24,  Illinois 

Attn;  LaVerne  LaGioia,  Librarian 

The  Hallicrafters  Co. 

5th  and  Kostner  Avenues 
Chicago  24,  Illinois. 

Attn:  Henri  Hodara, 

Hoffman  Electronics  Corp. 

3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Company 
Antenna  Department 
Building  12,  Mail  Station  27 14 
Cvilver  City,  California 
Attn;  Dr.  W.H.  Kummer 


Sperry-Rond  Research  Center 
route  117  (North  Road) 
Sudbury,  Maes. 

Attn:  Mr.  Gerald  Meltz 


Lockheed  Aircraft  Corporation 
Missiles  and  Space  Division 
Technical  Information  Center 
3251  Hanover  Street 
Palo  Alto,  California 


Harvard  University,  Gordon  McKay  Laboratory 
9  Oxford  Street,  Cambrld.je  38,  Mass.  ■ 

Attn:  Ronald  W.P.King,  Professor  of  applied  Physics 


Harvard  University 
Gordon  McKay  Laboratory 
9  Oxford  Stroet,  Cambridge  38,  Hass. 
Prof,  S.R.Seshadri 


Hughes  Aircraft  Company 
Florence  Ave  and  Teale  Streets 
Culver  City,  Calif. 

Attn:  Louis  L.  Bailin 
.  Manager,  Antenna  Dept. 

Hughes  Aircraft  Company 
Attn:  Mr.  L.  Stark,  Microwave  Dept. 
Radar  Laboratory,  P.O.  Box  2091 
Building  600,  Mail  Station  C- 152 
Fullerton.  California 


Martin- Marietta,  Corp. 
12250  S.  State  Highway  65 


Jefferson  County,  Colorado 
Atn:  Mr,  Jack  McCormick 


The  Martin  Company 
Baltimore  3,  Maryland 
Attn;  Engineering  Library 
Antenna  Design  Group 


International  Business  Machines  Corp.  , 

Space  Guidance  Center- Federal  Systems  Division 
Owego,  Tioga  County,  New  York 
Attn-  Technical  Reports  Center 


International  Resistance  Company 
401  N.  Broad  Street 
Philadelphia  8,  Pa. 

Attn:  Research  Library 


Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 

The  W.L.  Maxson  Corporation 

475  10th  Ave. 

New  York,  New  York 
Attn;  Miss  Dorothy  Clark 


ITT  Federal  Labs. 

3700  East  Pontiac  Street 
Fort  Wayne  1,  Indiana 
Attn;  Technical  Library 


McDonneU  Aircraft  Corporation,  Dept.  644 
Box  516,  St.  Louis  60.  Missouri 
Attn;  C.E.  Z oiler 

Engineering  Library 


Atlantic  Be search  Corporation 
Shirley  Highway  at  Edsall  Road 
Alexandria,  Virginia 
AttnJ  Delinor  C.  Porta 


McMillan  Laboratory,  Inc. 

Brownville  Avenue 
Ipswich,  Mass. 

Attn;  Security  Officer,  Document  Room 


Dr.  Henry  Jasik,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Lockheed  Aircraft  Corporation 

2555  N.  Hollywood  Way 

California  Division  Engineering  Library 

Department  72-25,  Plant  A- 1,  Building  63-1 

Bvirbank,  California 

Attn;  N.C.  Harnois 


Melpar,  Inc . 

3000  Arlington  Boulevard 

FaUs  Church,  Virginia 

Attn:  Engineering  Technical  Library 


Microwave  Associates,  Inc, 
South  Avenue 
Burlington,  Musa. 


mowave  Development  Laboratories,  Ino 
Broad  Street 
llesley  57,  Mass. 
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The  Mitre  Corporation 
244  Wood  Street 
Lexington  73,  Mass. 

Attn;  Mrs.  Jean  E,  Claflin,  Librarian 

Motorola,  Inc. 

8201  East  McDowell  Road 
Phoenix,  Arizona 
Attn:  Dr.  Thomas  E.  Tice 

Motorola,  Inc. 

Phoenix  Research  Laboratory 
3102  N.  56th  Street 
Plioenix,  Arizona 
Attn;  Dr.  A.  L.  Aden 

National  Research  Council 
Radio  &L  Electrical  Engineering  Division 
Ottawa,  Ontario,  Canada 
Attn:  Dr.  G.A.  Miller,  Head 
Microwave  Section  , 


Radiation,  Inc. 

Melbourne,  Florida 
Attn:  RF  Systems  Division 

Technical  Information  Center 

Radiation  Systems,  Inc. 

440  Swann  Avenue 
Alexandria,  Virginia 
Attn:  Library 


Radio  Corporation  of  America 
Missile  Control  &.  Electronics  Division 
Bedford  Street,  Burlington,  Mass. 
Attn:  Librarian 


RCA  Laboratories 

David  Sarnoff  Research  Center 

Princeton,  New  Jersey  Washington  Road 

Attn:  Miss  Fern  Cloak,  Librarian 


North  American  Aviation,  Inc. 

12214  Lakewood  Boulevard 
Downey,  California 

Attn:  Technical. Information  Center  (495-12) 
Space  &  Information  Systems  Division 


Radio  Corp,  of  America 
Defense  Electronic  Products 
Advanced  Military  Systems 
Princeton,  New  Jersey 
Attn:  Mr.  David  Shore 


North  American  Aviation,  Inc, 
Los  Angeles  International  Airport 
Los  Angeles  45,  Calif. 

Attn:  Engineering  Technical  File 


Inc. 


Page  Communications  Engineers, 

2001  Wisconsin  Avenue,  N.W. 
Washington  7,  D.C. 

Attn:  (Mrs. )  Ruth  Temple,  Librarian 


Northrop  Corporation 

Norair  Division 

1001  East  Broadway 

Hawthorne,  California 

Attn:  Technical  Information  3924-31, 

Philco  Corporation 
Research  Division' 

Union  Meeting  Pond 
Blue  Bell,  Pa. 

Attn:  Research  Librarian 

Pickard  &.  Burns,  Inc. 

103  Fourth  Avenue 
Waltham  54,  Mass. 

Attn;  Dr.  Richard  H.  Woodward 

Polytechnic  Research 
Development  Co. ,  Inc. 

202  Tillary  Street 
Brooklyn  1,  New  York 
Attn:  Technical  Library 


Director,  USAF  Project  RAND 
Via;  AF  Liaison  Office 
The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Technical  Library 


Radio  Corporation  of  America 
Surface  Communications  Systems  Laboratory 
75  Varick  Street 
New  York  13,  N.Y. 

Attn:  Mr,  S.  Krevsky 

Radio  Corporation  of  America 

West  Coast  Missile  and  Surface  Radar  Division 

Engineering  Library,  Building  306/2 

Attn;  L.  R.  Hund,  Librarian 

8500  Balboa  Boulevard,  Van  Nuys,  California 


Radio  Corporation  of  America 
Defense  Electronic  Products 
Building  10,  Floor  7 
Camden  2,  New  Jersey 

Attn:  Mr.  Harold  J.  Schrader,  Staff  Engineer 

Organization  of  Chief  Technical  Administrator 


Rantec  Corporation 

23099  Ventura  Boulevard 

CaJ.abasa.s,  California 

Attn;  Grace  Keener,  Office  Manager 


Raytheon  Company 
Boston  Post  Road 
Wayland,  Mass, 

Attn:  Mr,  Robert  Borts 


STL  Technical  Library 

Document  Acquisitions 

Space  Technology  Laboratories,  Inc, 

P,0.  Box  95001 

Los  Angeles  45,  California 

Sperry  Gyroscope  Company 
Great  Neck,  Long  Island,  New  York 
Attn;  Florence  W,  Turnbull 
Engineering  Librarian 


Raytheon  Company 
Wayland  Laboratory 
Wayland,  Mass, 

Attn;  Miss  Alice  G.  Anderson,  Librarian 

Raytheon  Company 
Missile  Systems  Division 
Hartwell  Road,  Bedford,  Mass, 

Attn;  Donald  H,  Archer 

Remington  Rand  UNI  VAC 

Division  of  Sperry  Rand  Corporation 

P,0,  Box  500 

Blue  Bell,  Pennsylvania 

Attn;  Engineering  Library 

Republic  Aviation  Corporation 
Farmingdale,  Long  Island,  New  YotSt 
Attn;  Engineering  Library 


Ryan  Aeronautical  Company 
2701  Harbor  Drive 
Lindbergh  Field 
San  Diego  12,  California 
Attn;  Library 


Sage  Laboratories,  Inc. 

3  Huron  Drive 
Natick,  Mass. 

Sanders  Associates,  Inc. 

95  Canal  Street 
Nashua,  New  Hampshire 
Attn;  Mr.  Norman  R.  Wild 

Sandia  Corporation 
P. O.  Box  5800 
Albuquerque,  New  Mexico 
Attn;  Records  Management  &, 
Services  Department 

Scanwell  Laboratories,  Inc. 
6601  Scanwell  Lane 
Springfield,  Va. 


Stanford  Research  Institute 
Documents  Center 
Menlo  Park,  California 
Attn;  Acquisitions 

Sylvania  Electric  Products,  Inc. 

100  First  Avenue,  Waltham  54,  Mass. 

Attn;  Charles  A.  Thornhill,  Report  Librarian 
Waltham  Laboratories  Library 

Sylvania  Elec.  Prod.  Inc. 

Electronic  Defense  Laboratory 
P. O.  Box  205 
Mountain  View,  California 
Attn:  Library 

Sylvania  Reconnaissance  Systems  Lab, 

Box  188,  Mountain  View,  California 
Attn;  Marvin  D.  Wald  man 

TRG,  Inc. 

400  Border  Street,  East  Boston,  Mass, 

Attn;  Dr.  Alan  F.  Kay 

A.S.  Thomas,  Inc. 

355  Providence  Highway 
Westwood,  Mass. 

Attn;  A.S.  Thomas,  President 

Texas  Instruments,  Inc. 

6000  Lemmon  Avenue 
Dallas  9,  Texas 
Attn;  John  B.  Travis 

Systems  Planning  Branch 


Westinghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  1897 
Baltimore  3,  Maryland 
Attn;  Engineering  Library 

Library  Geophysical  Institute  of  the 
University  of  Alaska 
College,  Alaska 

Brown  University 

Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn:  Dr.  C.  M,  Angulo 


? 


California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
4800  Oak  Grove  Drive 
Pasadena,  California 
Attn:  Mr,  I.E.  Newlar 

California  Institute  of  Technology 
1201  E.  California'  Drive 

Pasadena,  California 
Attn:  Dr.  C.  Papas  ( 


Library 

Georgia  Technology  Research  Institute 
Engineering  Experiment  Station 
722  Ch6;rry  Street.  N.  IV, 

Atlanta,  Georgia  ( 

Attm  Mrs.  J,  H.  Crosland,  Librh'rlan 

Harvard  University 
Technical  Reports  Collection 
Gordon  McKay  Library 
303  Pierce  Hall 

Oxford  Street,  Cambridge  38.  Mass. 
Attn:  Librarian 

University  of  Illinois 
College  of  Engineering 
Urbana,  Illinois 
Attn:  Dr.  P.E.  Mayes 


Space  Sciences  Laboratory 
Leuschner  Observatory 
University  of  California 
Berkeley  4,  California 
Attn:  Dr.  Samuel  Silver,  Professor  of  Engineering  Sclenci 
and  Director,  Space  Sciences  Laboratory. 


University  of  California 
Electronics  Research  Lab. 

332  Cory  Hall,  Berkeley  4,  California 
Attn:  J.R.  Whinnery 


Harvard  College  Observatory 
60  Garden  Street 
Cambridge  39,  Mass. 

Attn:  Dr.  Fred  L.  Whipple 


University  of  Southern  California 
University  Park 
Los  Angeles,  California 
Attn:  Dr.  Raymond  L,  Chuan 

Director,  Engineering  Center 

Case  Institute  of  Technology 
Electrical  Engineering  Department 
10900  Euclid  Avenue 
Cleveland,  Ohio 

Attn:  Professor  Robert  Plonsey 

Columbia  University 
Department  of  Electrical  Engineering 
Momingside  Heights,  New  York,  N.Y. 
Attn:  Dr.  Schlesinger 


University  of  Illinois 
Documents  Division  Library 
Urbana,  Illinois 

University  of  Kansas 
Electrical  Engineering  Department 
Lawrence,  Kansas 
Attn:  Dr.  H.  Unz 

Lowell  Technological  Institute 

Research  Foundation 

P.O.  Box  709,  Lowell,  Mass, 

Attn:  Dr.  Charles  R.  Mingins 


University  of  Southern  California  , 

University  Park 
Los  Angeles  7,  California 
Attn:  Z;A.  Kaprielian  , 

Associate  Professor  of  Electrical  Engineering 

Cornell  University 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn:  Prof.  G.C.  Dalman  ( 

University  of  Florida 

Department  of  Electrical  Engineering 

Gainesville,  Florida 

Attn:  Prof.  M.H.  Latour,  Library 


Massachusetts  Institute  of  Technology 
Research  Laboratory  of  Electronics 
Building  26,  Room  327 
Cambridge  39,  Mass. 

Engineering  Center  Attn:  John  H.  Hewitt 


Massachusetts  Institute  of  Technology 
Lincoln  Laboratory 
P.O.  Box  73 
Lexington  73,  Mass. 

Attn:  Mary  A,  Granese,  Librarian 

McGill  University 

Department  of  Electrical  Engineerlnf 
Montreal,  Canada 
Attn:  Dr.  T.  Pavlasek 

University  of  Michigan 
Electronic  Defense  Group 

•Institute  of  .Science  and  Technology 

Ann  Arbor,  Michigan 

Attn:  J.A.  Boyd,  Supervisor 
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University  of  Michigan 

Office  of  Research  Administration 

Radiation  Laboratory 

912  N.  Main  Street 

Ann  Arbor,  Michigan 

Attn:  Mr.  Ralph  E.  Hiatt 

University  of  Michigan 

Engineering  Research  Institute 

Willow  Run  Laboratories,  Willow  Run  Airport 

Ypsilanti,  Michigan 

Attn:  Librarian 

University  of  Minnesota 

Minneapolis  14,  Minnesota 

Attn;  Mr.  Robert  H.  Stumm,  Library 

Physical  Science  Laboratory 
New  Mexico  State  University 
University  Park,  New  Mexico 
Attn:  Mr.  H.  W.  Haas  ' 

New  York  University 

Institute  of  Mathematical  Sciences 

Room  802,  25  Waverly  Place 

New  York  3,  New  York 

Attn:  Morris  KLiiie,  Dr, 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn:  R.E.  Beam 

Antenna  Laboratory 

Department  of  Electrical  Engineering 

The  Ohio  State  University 

2024  Neil  Avenue 

Columbus  10,  Ohio 

Attn:  Reports  Librarian 

The  University  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 
Attn:  Prof.  C.L.  Farrar.  Chairman 
Electrical  Engineering 


University  of  Pennsylvania 
Institute  of  Cooperative  Research 
3400  Walnut  Street,  Philadelphia,  Pa. 

Attn:  Department  of  Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street,  Brooklyn,  New  York 
Attn:  Dr.  Arthur  A.  Oliner 


Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute  ’ 

55  Johnson  Street 
Brooklyn,  New  York 
Attn:  Mr.  A.E,  Laemmel 

The  Pennsylvania  State  Unlveratty 
223  Electrical  Enginoaring 
University  Park,  Pa, 

Attnj  A.H.  Wayniok,  Director 
Ionosphere  Research  Lab« 

Purdue  University 

Department  of  Electrical  Engineering 
Lafayette,  Indiana 
Attn;  Dr.  Schultz 

Library 

W.W.  Hansen  Laboratory  of  PhyaLob 
Stanford  University 
Stanford,  California 

SjTacuse  University  Research  Institute  , 
Collendale  Campus 
Syracuse  10,  N.X. 

Attn:  Dr.  C.S,  Grovo,  Jr,, 

Director  of  Engineering  Reaoaroh 
technical  University 
Oestervoldgade  10  0 
Copenhagen,  'Donin.ark 
Attn:  Prof,  Hans  Lottmip  Knudsen 

University  of  Tenneaseo 
Fen’is  Hall 
W.  Cumberland  Avenue 
Knoxville  l6,  Tennessee 

I 

The  University  of  Texas 
Electrical  Engineering  Research  Lab. 

P.0,  Box  8026,  University  Station 
Austin  12,  Texas 
Attni  Hr,  John  R,  Gorhardt 
Assistant  Director 

The  University  of  Texas 
Defense  Research  Laboratory 
Austin, ■ Texas 

Attn;  plaude  Wi  Horton,  Physios  Library 

University  of  Toronto  : 

Department  of  Electrical  Engr,.. 

Toronto,  Canada 

Attni  Prof,  0,  Sinclair 

University  of  V/asliington 

Department  of  Electrical  Engineering 

Seattle  5,  Vfashington  (Attn;  D.K.'^Reynolds) 

University  of  V.'isoonsln  ' 

Department  of  Electrical  Engineering 
Madison,  Wisconsin 
Attn:  Dr.  Scheibe 


